The Upper Jurassic Mozduran Formation with thickness 420 meters at the type locality is the most important gas-bearing reservoir in NE Iran. It is mainly composed of limestone, dolostone with shale and gypsum interbeds that grade into coarser siliciclastics in the easternmost part of the basin. Eight stratigraphic sections were studied in detail in south of the Agh-Darband area. These analyses suggest that four carbonate facies associations and three siliciclastic lithofacies were deposited in shallow marine to shoreline environments, respectively. Cementation, compaction, dissolution, micritization, neomorphism, hematitization, dolomitization and fracturing are diagenetic processes that affected these sediments. Stable isotope variations of δ The presence of bright luminescence indicates redox conditions during precipitation of calcite cement.
Introduction
The Kopet-Dagh petroliferous basin of northeast Iran and southwest Turkmenistan formed after closure of the Hercynian Ocean following the Middle Triassic Orogeny (Berberian and King 1981; Ruttner 1993; Alavi et al. 1997 ). More than 7000 meters of carbonate, siliciclastic and evaporite sediments were deposited from Jurassic through Miocene time in the eastern parts of the basin (Afshar-Harb 1979 , 1994 ) that formed five major transgressive-regressive sequences (Moussavi-Harami and Brenner 1992). The major reservoir in the giant Khangiran gas field in the Kopet-Dagh basin is a highly porous and permeable dolomitic interval of the Upper Jurassic (Oxfordian-Kimmeridgian) Mozduran Formation. This formation at type locality is mainly composed of limestone, dolostone and lesser amounts of shale interbeds; ranging in thickness from 420 to 1380 meters at the type section and Khangiran well #31 respectively (Afshar-Harb 1994) . These carbonate rocks grade laterally to coarser siliciclastic and evaporite sediments in the Agh-Darband area in the easternmost parts of the basin (Moussavi-Harami 1989) . The Mozduran Formation disconformably overlies marine shale of the Kashafrud Formation and is underlain by red siliciclastic rocks of the Shurijeh Formation that have been deposited by fluvial depositional systems.
The objectives of this study are recognition of diagenetic processes and interpretation of their paragenetic sequences operated on the Mozduran Formation during post Oxfordian-Kimmeridgian time.
Methods and material studied
In this study eight stratigraphic sections from the Mozduran Formation (ranging in thickness from 89 to 509 meters) south of the Agh-Darband area ( Fig.1) were measured. 750 thin sections were etched with dilute HCl and stained with Alizarin Red and Potassium Ferricyanide solution based on Dickson (1966) for differentiation of calcites and dolomites (ferroan and non-ferroan) and 120 washed samples were studied by polarized and binocular microscopes respectively. In addition, 150 polished thin sections were studied with a cathodoluminescence microscope (Marshall 1988; Tucker 1988 , Frank et al. 1995 , using a Technosyn Cold CL (Model 8200 MK3) at 12 KV and 195 µA with an automatic camera.
Thirty limestone samples were analyzed for carbon and oxygen isotopes as well as trace elements. A microscope-mounted dental drill was used to extract calcite powder from polished specimens. About 0.2 mg of each sample was reacted with anhydrous phosphoric acid in individual reaction vessels in a vacuum at 72°C.
The CO 2 extracted from each sample was analyzed by isotope ratio mass spectrometry at the Nelson Laboratory at the University of Iowa. Both δ 18 O and δ 13 C values are reported relative to PDB. The same sample powders were also analyzed by Atomic Absorption Spectrophotometer to determine their Ca, Mg, Sr, Na and Fe content at the geochemistry laboratory at the Ferdowsi University of Mashhad.
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Depositional environments
The Upper Jurassic Mozduran Formation in the study area is composed of both carbonate and siliciclastic rocks.
Based on petrographical studies, four carbonate facies associations (A to D), three major siliciclastic (G and F) and one evaporate lithofacies (E) have been identified (Mahboubi et al. 2006) (Table 1 and Fig. 2 ).
Facies association A consists of echinoderm brachiopod packstone and brachiopod red algal grainstone, association B is composed of ooid bearing pelecypod grainstone, ooid grainstone, ooid bioclast intraclast grainstone, association C is also mainly composed of ooid-bioclast packstone, green algal wackestone, coral fragments wackestone, lime mudstone, peloidal packstone and peloidal grainstone and finally association D consists of dolomudstone and lime mudstone. Siliciclastic lithofacies consist of sandstones (F) including quartzarenite, sublitharenite, litharenite and fossiliferous litharenite, gypsiferous shales (G). Table 1 The presence of many stenohaline organisms, such as echinoderms and brachiopods of medium-to-fine sandsize in association A indicates possible open marine conditions below the fair-weather wave base (e.g. Sanders and Hofling 2000; Flugel 2004; Schneider et al. 2004) . Seemingly, oolitic cross-bedded grainstones of association B, were deposited in higher energy environments, such as barriers (e.g. Martin-Chivelet et al. 1995; Alsharhan and Kendall 2003; Coffey and Read 2004) . Presence of pelloids within the mud-supported and medium-to-thin-bedded packstones indicate a low energy lagoonal environment for association C (e.g. Burchet et al. 1990; Alsharhan and Kendall 2003; Adachi et al. 2004 Based on the combination of field observations, laboratory considerations, as well as vertical and lateral facies changes in the studied area, it is interpreted that the carbonate facies were deposited on a homoclinal carbonate ramp in open marine, barrier, lagoon and tidal flat sub environments, whereas siliciclastic lithofacies were deposited during times of high siliciclastic influx in tidal environments (Fig. 3 ). 
Diagenetic events
Diagenetic processes that affected these various rock types during short as well as long periods after deposition will be explained and interpreted separately for carbonate and coarser siliciclastics.
Diagenetic features in limestones
Petrographic studies showed that several diagenetic processes including micritization, compaction, cementation, neomorphism, dissolution, dolomitization, fracturing and vein formation have affected limestones of the Mozduran Formation.
Micritization:
Micritization is the first diagenetic process that occurs at the sediment-water interface (Adams and Mackenzie 1998) under low energy conditions (Tucker and Wright 1990; Flugel 2004 ). This process is generated by repetition of microorganism activities by bacteria, algae and fungi on carbonate grain surfaces (Carols 2002) . Micritization in studied samples affected many skeletal grains such as plecypod and brachiopod as well as non-skeletal particles such as ooid and intraclasts (Fig. 4A ). It formed thin micrite envelopes with around some grains and in others this process led to destruction of most parts with patches of micrite present. Dissolution: This process has affected most of the carbonate rocks in the study area. Penetration of undersaturated water led to dissolution of grain and matrix in many limestones. Generation of secondary porosity was the most important result of this event. This type of porosity in many samples is non-fabric selective, although selective dissolution has also occurred (Fig. 5A ). and are planar euhedral to subhedral. These crystals mainly fill pores and fractures (Fig. 5H ). These dolomites have cloudy centers and clear rims. Kyser et al. (2002) interpreted that these dolomites can be generated from different fluids. Different crystal size in three types of dolomites (D 1 , D 2 and D 3 ) can be accounted for by the relationship between nucleation and kinetic growth as well as relative timing. In fine crystalline dolomites, nucleation rate is higher than crystal growth rate and in coarse crystalline types crystal growth rate is higher than nucleation rate. Both nucleation and crystal growth rates increase with temperature (Sibely and Greeg 1987).
Fractures and Veins:
Veins in the studied carbonate rocks are abundant. These veins have been filled with coarse crystalline sparry calcite (Fig. 5C ). Cathodoluminscence study indicates that several dark-bright luminescence zones in these samples can be related to fluctuation of chemical composition of fluids during calcite precipitation ( Fig. 6B ) (Marshall 1988; Fouke et al. 2002) .
Diagenetic features in sandstones
Sandstone affected by compaction, cementation, dissolution, dolomitization, and fracturing and vein formation during deposition and post deposition time.
Compaction: compaction of sandstones led to physical change in grain packing and orientation. Sediment loading and tectonic subsidence from the Jurassic through Neogene (Moussavi-Harami and Brenner 1992) and later orogenic events in this basin were the main causes of compaction that affected the sandstones. Early cementation was one of the most important factors that helped reduce compaction effects in sandstones (e.g. Kim and Lee 2004) . High cement/grain ratio and loose packing are the common features in some sandstone that indicate that cementation operated during the early stages of diagenesis. In some samples with no early cement, closer packing, high grain/cement ratio, high linear, sutured and concave-convex contacts are the most common evidence for operation of compaction at the early stage before the effect of cementation in the studied samples.
Cementation: Carbonate (calcite and dolomite) and silica are the most common cement types in these sandstones ( Fig (Table 2) . values, while closed systems and low water-rock ratios favor presentation or total retention of original isotopic composition (Meyers 1989) . The first trend with high depletion of δ 18 O probably reflects increasing temperature during burial diagenesis which is similar to what Choquette and James (1987) and Nelson and Smith (1996) have described. Jurassic formations and increased the effect of meteoric water on these deposits (e.g. Vincent et al. 2007 ).
Fig. 7
Comparison of these data with others (Milliman and Muller 1977, James and Choquette 1983 and Adabi and Rao 1991) (Fig. 7) shows greater depletion of oxygen isotope values due to intensive diagenetic effects. In addition, comparison of these data with previous isotopic data from the Mozduran Formation to the north in the Kopet-Dagh Basin (Adabi and Rao 1991) shows the same results. This trend shows that important effects of meteoric and burial diagenesis on the oxygen isotopic composition causing depleted. However, it is also possible that this effect was caused by different burial depth of these deposits.
Paleotemperature
Shackleton and Kennet (1975), Friedman and O'Neil (1977) and Anderson and Arthur (1983) proposed different formulae for calculation of ambient water temperature. However, in this study the Anderson and Arthur (1983) equation was used for calculation of paleotemperature as follows:
Where T is temperature, δ c is the oxygen isotope ratio for calcite relative to PDB and δ w is the oxygen isotope ratio for water relative to SMOW. (Milliman 1974) . Sr and Na concentration in diagenetic calcites can be controlled by the partition coefficient (less than 1) and low concentration in meteoric waters.
Mn and Fe cross plot (Fig. 8) showed a positive correlation that revealed meteoric diagenetic conditions (Winefield et al. 1994) . Increasing concentration of these two elements can be related to the effect of freshwater 
Paragenetic sequence
The sequence of diagenetic events in a carbonate system depends on factors such as the sediment itself, grain size and texture, mineralogy, nature of pore-fluid and climate (Tucker and Wright 1990; Tucker 1993; Flugel 2004 -Harami and Brenner, 1992) . In summary, the study area deposits show different stages of diagenesis in marine, meteoric and burial environments. Most of these processes occurred in burial and meteoric environments. Recent whole sediment warm shallow marine water (Milliman and Muller, 1977) Mozduran Limestone (Jurassic) (Adabi and Rao, 1991) Recent warm shallow marine water sediments and skeletons (James and Choquette, 1983) Table 3 
